Objectives Occupation as a farmer has been associated with increased risks of haematological cancers in adults. This study aimed to examine whether farm exposures in childhood contribute to these risks, by using parental occupation in farming as a proxy for growing up on a farm. Methods New Zealand death records (1998)(1999)(2000)(2001)(2002)(2003) of persons aged 35-85 were extracted (n=114 289). For 82.3% usual occupation and the occupation of at least one of the parents could be coded (n=94 054). Unconditional logistic regression analyses included 3119 haematological cancer deaths (cases) and 90 935 deaths from other causes (controls). ORs for farming and growing up on a farm were adjusted for each other, year of birth, age at death, socio-economic status, M aori ethnicity, immigration status and sex. Results Growing up on a livestock farm was positively associated with haematological cancer (OR 1.22, 95% CI 1.05 to 1.41), particularly for poultry farms (OR 2.99, 95% CI 1.44 to 6.21), while growing up on a crop farm was not (OR 0.81, 95% CI 0.64 to 1.03). Crop farming in adulthood was associated with an increased haematological cancer risk (OR 1.49, 95% CI 1.13 to 1.96), while livestock farming was not (OR 0.80, 95% CI 0.63 to 1.00), except for beef cattle farming (OR 2.99, 95% CI 1.28 to 7.00). These results did not change appreciably when different control groups with different causes of death were used. Conclusions These results could suggest a role for early life biological exposures in the development of haematological cancers.
INTRODUCTION
Farming has repeatedly been associated with an increased risk of haematological cancers in adults, including leukaemia, multiple myeloma, nonHodgkin's lymphoma (NHL) and Hodgkin's disease. 1e4 The two main hypotheses to explain this association are exposure to pesticides 5 and exposure to infectious agents through contact with farm animals. 6 Because the majority of these studies have focused on farming in adulthood, it is not known whether farm exposures in early life (eg, prenatal exposure, childhood exposure) contribute to adult haematological cancer risks. There are, however, several reasons why early life may be aetiologically relevant. First, early farm exposures could result in early changes to the immune system which may subsequently influence haematological cancer risk in adulthood. This hypothesis has most often been studied in relation to asthma and allergies. In New Zealand, 7 as well as overseas, 8e11 it has repeatedly been observed that children growing up on a farm are less likely to develop atopic diseases including asthma, hay fever and eczema, with protection continuing into adulthood. It is not clear which farm exposures cause these effects, but contact with livestock and microbial agents have been suggested to play a role. 12 13 Second, several studies have reported a positive association between parental exposure to pesticides and childhood cancer risks, 14 15 and residential proximity at birth to cropland has also been suggested to increase childhood NHL. 16 It can therefore not be excluded that farm related exposures during childhood also contribute towards haematological cancer risk later in life. Finally, growing up on a farm may be associated with a higher dietary intake of the specific produce of the farm due to better access to these products, which may increase or decrease the risk of haematological cancer in later life.
The aim of this study was to investigate the role of farm exposure during childhood, independently of farming occupation in adulthood, in the development of haematological cancers. We used New Zealand mortality data because they have the advantage that the occupation of both parents is recorded for each death, which we used as an indicator of farm exposure in early life.
METHODS
For each death in New Zealand, a Notification of Death Registration Form is completed by the What this paper adds < It has repeatedly been observed that work as a farmer is associated with an increased risk of haematological cancers, but it is not known whether growing up on a farm also plays a role. < The results of this mortality study indicate that growing up on a farm is associated with an increased risk of haematological cancer in adulthood; this association was present for growing up on a livestock farm but not for growing up on a crop farm, and was not explained by having had an occupation as a farmer. < This study suggests a role for early life biological exposures in the development of haematological cancers, which needs to be confirmed in studies using other study designs and more specific and complete exposure data.
funeral director or undertaker. Since 1998, these forms are stored electronically by New Zealand Births, Deaths and Marriages. We extracted all deaths registered to Births, Deaths and Marriages for persons aged 35e85 years during a 6-year period (1998e2003) covering a total of 114 289 deaths. Recorded information included date and place of birth and death, the underlying cause of death, sex, ethnicity, usual occupation, and the occupation of the father and mother of the deceased. Coded underlying cause of death was obtained from the New Zealand Health Information System, which used ICD-9 (International Classification of Diseases) for deaths registered during 1998e1999 and ICD-10 for 2000e2004. We recoded all ICD-9 codes into ICD-10 using a correspondence table from Statistics New Zealand. The cause of death information on which the ICD code is based, originates from the Medical Certificate of Causes of Death as completed by the certifying doctor or the coroner 's report.
The free text of the three occupation variables (usual occupation of the deceased, father's occupation, mother's occupation) was coded using the 1999 New Zealand Standard Classification of Occupations. 17 This hierarchical classification groups each occupation into a specific occupational code, including codes for types of farming operations categorised under agricultural workers (coded as group '61'), such as: 611-market farmers and crop growers (hereafter referred to as 'crop farm'); 6111-field crop and vegetable growers; 6112-fruit growers; 6113-gardeners and nursery growers; 612-marketoriented animal producers (hereafter referred to as 'livestock farm'); 61211-dairy farmer, dairy farm worker; 61212-sheep farmer, sheep farm worker; 61213-cattle farmer, cattle farm worker; 6122-mixed livestock producers; 6123-poultry producers; and 6125-crop and livestock producers. If the usual occupation of the deceased was recorded as farming (code 61), this was used as an indicator of adult farming exposure. If the father's and/or mother's occupation was recorded as farming (code 61), this was used as an indicator of childhood farming exposure. The coding was done blind to the cause of death.
Cases were defined as all deaths from: Hodgkin's disease (ICD-10: C81); follicular non-Hodgkin's lymphoma (nodular) (C82); diffuse non-Hodgkin's lymphoma (C83); peripheral and cutaneous T cell lymphomas (C84); other and unspecified types of non-Hodgkin's lymphoma (C85); malignant immunoproliferative diseases (C88); multiple myeloma and malignant plasma cell neoplasms (C90); lymphoid leukaemia (C91); myeloid leukaemia (C92); monocytic leukaemia (C93); other leukaemias of specific cell type (C94); leukaemia of unspecified cell type (C95); and other and unspecified malignant neoplasms (C96). All deaths with other underlying causes served as controls. These were divided into three control groups: 1-diseases of the circulatory system (ICD-10 group I); 2-cancer (ICD-10 groups C and D excluding the ICD codes used for cases); and 3-all other remaining causes of death.
The socio-economic status of each case and control was determined using the New Zealand Socio-Economic Index, which is based on occupation. 18 These were then grouped into six categories with housewives and househusbands classified in a seventh category. The death registration also includes information on place of birth, and this was used to ascertain whether the deceased were born in New Zealand or elsewhere (immigration status).
Unconditional logistic regression was used to study the association between the exposures under consideration (farming, growing up on a farm) and haematological cancer mortality, adjusting for year of birth, age at death, sex, the seven New Zealand Socio-Economic Index categories, immigration status, and M aori ethnicity. Whether farming and growing up on a farm were confounders for these associations was studied by mutually adjusting the ORs for these variables. The analyses were repeated for each haematological cancer subcategory that contained at least 50 cases. Analyses were first conducted using all controls and then repeated using the three different control groups.
RESULTS
For 17.7% (n¼20 235) of the 114 289 deaths, the usual occupation or the occupation of at least one of the parents was not recorded or could not be coded, leaving 94 054 deaths available for analysis. Of these, 3119 were defined as haematological cancer cases and 90 935 as controls (table 1). For 28% of the cases and 26% of the controls, their father and/or mother was a farmer. For 11% of the cases and 10% of the controls, their usual adult occupation was farming. The underlying causes of death of both cases and controls are shown in table 2.
Farming in adulthood was associated with a slightly increased risk for haematological cancer (table 3), which reduced further after adjusting for farming exposure in childhood (OR 1.04, 95% CI 0.91 to 1.20) . For 50% of the cases and controls who were farmers, the type of farm operation could be specified. Working on a crop farm was associated with an increase in risk for haematological cancer (OR 1.49, 95% CI 1.13 to 1.96), while working on a livestock farm was associated with a slightly reduced risk (OR 0.80, 95% CI 0.63 to 1.00).
Growing up on a farm was associated with a slightly increased risk for haematological cancer, which remained statistically significant after adjusting for adult farm exposure (OR 1.15, 95% CI 1.05 to 1.25) (table 3). For 35% of cases and controls specified as having at least one farmer parent, the type of farming operation could be specified. Growing up on a crop farm was not associated with an increased risk (OR 0.81, 95% CI 0.64 to 4.03), while growing up on a livestock farm was, also after adjusting for farming in adulthood (OR 1.22, 95% CI 1.05 to 1.42) .
The adjusted models were repeated separately by sex (table 4) . Only 0.5% of women had crop farming as recorded occupation, which was not associated with an increased haematological cancer risk (OR 0.67, 95% CI 0.25 to 1.84), while for men it was (OR 1.66, 95% CI 1.24 to 2.23). Growing up on a farm was associated with a slightly increased haematological cancer risk for men (OR 1.10, 95% CI 0.98 to 1.24) and women (OR 1.21, 95% CI 1.07 to 1.37). For both men and women, this increased risk was mainly due to the risk from growing up on a livestock farm (OR men 1.15, 95% CI 0.94 to 1.42; OR women 1.30, 95% CI 1.04 to 1.62).
The adjusted models were then repeated for each haematological cancer ICD-10 subgroup that contained at least 50 cases (see online supplementary table 1). The ORs for working on a crop farm were all above unity except for follicular NHL (OR 0.98, 95% CI 0.30 to 3.21), being statistically significant only for Hodgkin's disease (C81: OR 5.26, 95% CI 1.62 to 17.1) and all haematological cancers combined. Growing up on a crop farm was not associated with an increased risk for any of the individual haematological cancer subtypes. For myeloid leukaemia (C92), growing up on a crop farm was associated with a reduced risk (OR 0.50, 95% CI 0.27 to 0.91). Growing up on a livestock farm was associated with a risk above unity for all individual haematological cancer subtypes, with ORs ranging between 1.05 and 1.42 (none reaching statistical significance).
Subsequently, it was studied whether the type of farming operation could be responsible for the observed risk patterns, combining all the haematological cancer subtypes (figure 1; the data for this figure are available in online supplementary table 1). The results for 'unspecified farming operation' are not reported here because they were similar to those for all farming occupations combined. The OR for haematological cancer was elevated for all three specific types of crop farming: field crop and vege- Growing up on the three specific types of crop farm was not associated with an increased risk for haematological cancer (figure 1; the data for this figure are available in online supplementary table 1), and for gardeners and nursery growers a decreased risk was observed (16 cases, OR 0.54, 95% CI 0.33 to 0.89).
Growing up on a dairy farm was not associated with an increased risk (88 cases, OR 1.07, 95% CI 0.86 to 1.34), while growing up on a poultry farm was (8 cases, OR 2.99, 95% CI 1.44 to 6.21) for both men (OR 2.86, 95% CI 1.14 to 7.21) and women (OR 3.45, 95% CI 1.04 to 11.47).
Whether the choice of the control group (ie, cause of death of the controls) had any influence on the risk estimates was studied by repeating the analyses for the three control subgroups (diseases of the circulatory system, other cancers and other underlying causes of death). Results are reported in online supplementary figure 1, and indicate no major differences in ORs when different control groups are used. To verify whether the observed risk associated with growing up on a livestock farm was specific to haematological cancers, we repeated the same analyses for other major causes of death (stomach cancer, colon cancer, lung cancer, skin cancer, breast cancer, prostate cancer, diabetes, acute myocardial infarct, stroke and chronic obstructive pulmonary disease), using the same control group. For none of the other major causes of death studied, was growing up on a livestock farm associated with an increased risk.
DISCUSSION
This study used New Zealand mortality data which have the unique advantage that for a large majority (82.3%) the occupation of the deceased as well as their parents' occupations are recorded. This motivated us to use these data to study whether growing up on a farm could be associated with haematological cancer mortality later in life. However, using deceased controls has disadvantages. An increased OR may indicate that farming is associated with an increased risk of deaths from haematological cancers, or it may indicate a decreased risk of death from other causes. A number of epidemiological studies have shown that farmers have low overall mortality rates, particularly from heart disease and cancers of the oesophagus, colon, lung and bladder, 1 generally attributed to healthy lifestyle factors such as less tobacco smoking and more physical activity by farmers. We attempted to address this issue by using three control groups (cancer, cardiovascular and other causes of death) and observed only small differences in ORs when using these different control groups, suggesting that the observed associations were unlikely to be due to a protective effect of farming for any particular subgroup of control causes of death. In addition, the clear differences in OR between crop farming and livestock farming we observed in this study cannot be explained by a lower mortality rate for farmers due to the positive lifestyle factors typically associated with farming, as these would be present in both crop farmers and livestock farmers. Our findings for occupation as a farmer (increased risk associated with crop farming but not with livestock farming) are very similar to those of other New Zealand studies that used more elaborate study designs and incident NHL and leukaemia cases, 19e21 which also provides confidence that the use of deceased controls did not introduce a major bias.
Using deceased controls has the advantage that the cases and controls originate from the same data source; thus the observed associations are unlikely due to recall bias or other differences in data collection or data quality between cases and controls. However, the death records only include one occupation, while many people will have had more than one job over their lifetime. This will result in misclassification of occupation and an overall under-estimation of the number of people who ever worked on a farm, whereas the variable we used for 'growing up on a farm' (parental occupation) will be less affected by this data shortcoming. However, those classified as 'growing up on a farm' may be more likely to have helped out on the farm during their childhood and adulthood before pursuing their own career, and thus the timeframe and the nature of farming exposure associated with parental occupation in farming cannot be clearly defined due to the limited exposure data available in this study, and could range from prenatal exposure to adult exposure from helping out on the farm. In addition, the type of farm operation could not be specified in a large proportion of subjects who had farmer as usual occupation (50%), and this fraction was even smaller for those whose parental occupation was recorded as a farmer (35%). Although there was no association with the status of cases and controls, later year of birth and younger age was associated with more specific occupational information and therefore a better chance for the type of farm operation to be identified, which could have introduced a bias. However, such bias would at least in part be addressed by adjusting for year of birth and age at death, and is not likely to explain the differences in risk estimates we observed between crop and livestock farming.
Notwithstanding the above mentioned caveats of the used study design and limitations of the exposure data, our study suggests that growing up on a livestock farm is a risk factor for haematological cancer. This association was not likely due to residual confounding by farming exposures in adulthood, as it became stronger after adjusting for farming in adulthood. This association was present independent of the choice of control group, and was only present for the haematological cancer case group and not for the other major causes of death, suggesting this association was not a mere artefact of the data. Few other studies have considered growing up on a farm as a risk factor for haematological cancer. In an Italian caseecontrol study of chronic lymphocytic leukaemia and NHL, 22 having helped in farm animal breeding during childhood was associated with a statistically increased risk for NHLs and chronic lymphocytic leukaemias in adulthood, after adjusting for farming in Table 3 Association between farming occupation, parental occupation in farming and haematological cancer, before and after mutual adjustment The models are adjusted for year of birth, age at death, sex, socio-economic status (seven New Zealand Socio-Economic Index classes), immigration status and M aori ethnicity, and also mutually adjusted for working on a farm and growing up on a farm (unspecified/crop/livestock).
Crop farm: occupational code 611: Marker farmers and crop growers. Livestock farm: occupational code 612: Market-oriented animal producers.
adulthood. The authors hypothesised that "the persisting effect of exposure in childhood suggests that contact with animals in childhood could have a role in the pathogenetic process, possibly due to viruses acting as oncogenic initiators or as immunosuppressors". A German 23 and a US 24 caseecontrol study of NHL did not observe an association for living in a rural environment in childhood. However 'living in a rural environment' may not entail the same exposure as 'growing up on a farm', and no distinction between crop or livestock farming was made.
A number of studies have considered other indicators of childhood exposure, such as birth order and crowding in association with haematological cancer risk and particularly with NHL risk in adults. Although not entirely consistent, 23 these studies generally show an increased NHL risk for more crowded situations in childhood and for having more siblings, 24e27 giving some indication that early life circumstances with higher potential for infection are associated with an elevated risk. The increased risk from growing up on a livestock farm, and the lack of an association for growing up on a crop farm that we observed in this study, suggest that the observed risk could be due to specific animal related exposures rather than the farming environment in general. We observed a particularly high haematological cancer risk associated with growing up on a poultry farm. In our study working on a poultry farm as an adult was not associated with an increased risk, but this estimate was based on very small numbers (1 case, 63 controls). Chicken farming (in adulthood) has been associated with leukaemia 28e30 and multiple myeloma. 31 A study from Norway 32 reported that poultry farming of the parents was associated with an increased risk for some malignancies (including Hodgkin's disease mixed cellular type) in late childhood and adolescence.
Another potential explanation for the increased risk of haematological cancer we observed for growing up on a livestock farm, and particularly poultry farms, is exposure to organic dust that may contain non-specific b-lymphocyte mitogens 33 or other immuno-reactive agents. These immuno-stimulating exposures may lead to malignancy through a mechanism whereby chronic stimulation induced by the activated cells of the immune system results in a higher possibility of random mutations occurring in dividing cells (antigenic stimulation hypothesis). 34 Alternatively, the increased risk may be related to the lower risk of atopic conditions in farmer's children into their adulthood, 7e11 that is, allergic conditions may enhance the ability of the immune system to detect and eliminate malignant cells (the immune surveillance hypothesis). 34 This would be consistent with the findings of some, but not all studies, that haematological malignancies are inversely associated with allergies and asthma. 34 In our study growing up on a crop farm was not associated with haematological cancer mortality. The absence of an association may be due to the absence of widespread pesticide use in the period when most of the study subjects were growing up. Major pesticide use in New Zealand started in the 1950s and the majority (83%) of the population under study here were born before 1941. An effect of early life exposure to pesticides on adult haematological cancer therefore cannot be excluded, particularly because studies on childhood leukaemia and NHL have found associations for pesticide use of the parents. 35 Our results do not give weight to the hypothesis that the slightly reduced risk for growing up on a crop farm could be due to increased intake of fruit and vegetables, as this reduced risk was mainly present for gardeners and nursery growers and not for vegetable and fruit growers.
Our results indicate that working on a crop farm is associated with an increased haematological cancer mortality risk. This finding was present for the three main types of crop farmers (field crop and vegetable growers, fruit growers, and gardeners and nursery growers) and consistent with previous studies conducted in New Zealand for NHL 19 20 and leukaemia 21 that showed increased risks for crop farming but not for livestock farming using more elaborate study designs and more complete occupational information than was available for this study. In this study an increased risk for crop farmers was only present for males and not for the relatively small number (0.5%) of females for whom a usual occupation as a crop farmer was reported. Differences in pesticide exposure between males and females for whom crop farming was reported as usual occupation is a possible explanation for this pattern.
As previously observed in New Zealand studies for NHL 19 20 and leukaemia, 21 the results of this study indicate that work on Farming (based on occupation) Growing up on a farm (based on parental occupation) Figure 1 ORs and 95% CIs (for all haematological cancers combined) associated with farming and growing up on a farm, for specific crop farming (white bars) and livestock farming (black bars) types. 39 and found a statistically significant increased risk for both leukaemia and NHL associated with beef cattle, but not for dairy cattle, similar to our findings. The authors argued 39 that the absence of increased risk in dairy farmers makes the bovine leukaemia virus an unlikely causal agent for the increased risk observed in beef cattle farmers, considering that bovine leukaemia virus is common in both beef and dairy herds. However, the type of contact with the virus may be different for dairy farmers and beef cattle farmers, considering that the latter could have been exposed to slaughtering products in the past. Slaughterers have been found to have an increased risk for NHL and leukaemia in some overseas studies, 40 and in New Zealand studies in particular. 20 41e43 Beef cattle farmers are also likely to have a higher meat consumption, but the weak positive association that has been observed between meat and animal fat consumption and haematological cancer risk 44 is unlikely to explain the almost threefold increased risk in haematological cancer we observed for beef cattle farmers. Similarly, diet cannot explain the reduced risk we observed for dairy cattle farming, considering that dairy consumption has been associated with an increase in haematological cancer risk rather than a decrease. 45 In addition, chemical pest control is used in both dairy and beef cattle farming. Thus, more study is needed to identify the exposures that could explain the increase in haematological cancer observed for cattle farmers, and these studies should consider beef cattle farmers separately from dairy cattle farmers.
CONCLUSION
This study using New Zealand mortality data has several methodological limitations but suggests that farming exposures in adulthood and childhood play independent roles in the development of haematological cancers. The study corroborates earlier findings that crop farming is a risk factor for haematological cancer, and suggests that of the different livestock production sectors, beef cattle farming in particular is associated with haematological cancer. The increased haematological cancer risk we observed for parental occupation in livestock farming suggests that exposure to farm animals during childhood, in particular poultry, may increase the risk of haematological cancer in adulthood. This may be through, for example, exposure to specific viruses or other biological exposures that indirectly increase haematological cancer risk by modulating the immune system. Additional studies using other study designs and including better exposure data are needed to further investigate this hypothesis.
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